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1.0

of contract NAS 8-20515 are presented in this report. The objec~
tive of this effort was the design of a new adaptor for checkout

transducers in preparation for the fabrication of a prototype

model,

on available MOS field effect transistor integrated circuit modules,

INTRODUCTION
The results of METROPHYSICS, Inc.'s effort during Phase B

The main features of the adaptor are:

1)

2)

3)

4)

The design uses integrated circuits throughout and is based

Moz —
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ADVANCED CHECKOUT TRANSDUCERS

It incorporates A/D conversion. It accepts a standard
O to 5 V and converts it into a 10 bit binary number,

It provides limit storage and comparison. The measur-
and is continuously compared to limits of amplitude

and rate of change, and whenever one of these limits

is exceeded, a signal is produced indicating this event.
It pérmits random addressing. The adaptor, and there-
fore the channel in which it is used can be addressed
in any desired sequence, or left silent,

It requires minimum cabling. A system employing one
adaptor on each of its transducers requires only two
input and one output lines, or wires, besides ground
and power lines, for sfstem interconnections,

It allows the stored limits to be changed at any time.
The limits stored in the adaptor can be changed either
rémotely by programming the controlling unit, or locally

by a special device,
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It is this type of integrated circuit which makes it possible to
obtain an adaptor module compatible with the size of the average
signal conditioners.

It is proposed to build an experimental system of 6 adap-
tors to demonstrate the feasibility of the concept of an adaptor
for checkout transducers in real operation. Auxiliary equipment

needed to this end is also described in this report.
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2.0 BACKGROUND

Modern technology made it possible to use pulse code mod-
ulation telemetry with subsequent digital data handling exten-
sively and to great advantage, The advantages offered by digital
data processing are most fully realized when the desired infor-
mation is converted to digital form as closely to its origin as
possible. Ildeally, in the information source itself, In isolated
cases (on-off signal) this ideal is realized, but most information
soﬁrces with which we are concerned here are analog in nature.

To improve.the situation - at least in telemetry- the idea

of developing a so-called digital transducer appeared.

At the same time the demand for more information increased,
leading to more complex telemetry systems with many information
carrying channels, It became apparent that much of the data thus
acquired was actually redundant and could have been discarded with-
out loss of pertinent information. This brought about various
‘methods of reducing the data to be gathered or handled known as
“data compression®,

One way of achieving data compression is to restrict the

range within which a data source is allowed to transmit informa-

tion.

— In the case of a transducer, for instance, one could store
limits of amplitude and rate of change directly at the transducer
and inhibit its output as long as none of these limits has been

exceeded by the measurand.
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1t follows that a transducer featuring both‘digital output
and data compression by limit storage, would bé a highly desirable
item,

Attemptinglto uncover a transducer design which would satis-

fy the above requirements, a survey of digital transducers was

undertaken by MP/1. Only one concept was found that holds promise

~

for developing a future family of digital transducers. Even in

e

thig case limit storage could not be accomplished easily.,

S g

Wwith the above results in mind, an alternate solution -
originally suggested by MP/1 in its unsolicited proposal - was

adopted: the digital adaptor with limit storage for transducers.

The digital adaptor falls short of the ideal but moves the

[ masne
analog to digital conversion as closely to the information source

A
PRy T

as presently feasible. Even with the advent of an ideal digital
transducer, the usefulness of this concept will not be exhausted,

for the limit storage and comparison circuits in their microminia-

s T AR S e e

turized form are equally applicable whether the measurand is inher-
e

ently digital or converted to digital form from its orginally

analog form,
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3.0 DESIGN CONSIDERATIONS

In the following, it is attempted to present the line of
reasoning which lead to a concept of an adaptor for transducers
which allows the use of standard analog transducers in multi-
channel digital data acquisition systems. A system using such
adaptors in connection with a control unit (computer), must offer
certain advantages over conventional system in order to justify
the higher cost per channel. The features which will make a sys-
tem based on a digital adaptor superior to other systems are:

1) Information is provided by the adaptor in digital form.

2) Random addressing of each channel is possible,

3) Channels do not transmit information as long as they
are not addressed or the information they are carrying
is not pertinent.

4) Installation must be simple requiring a minimum of
cabling.

5) The rate of data flow must be high enough to cope with
the vast amount of information presented to the system,

An adaptor suitable for such a system must be small, pro-

vide data compression and be easy to install. It is also highly
desirable that the concept on which it is based does not become
obsolete too fast.

Recent advances in integrated circuit technology made the

idea of a digital adaptor for transducers practical. The high
function density of modern integrated circuit modules, especially

of yOS field effect integrated circuits, make it possible to

S
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obtain a package small enough to be compatible with ‘modern tele-
meter packaging practices.

Such an adaﬁtor must perform the following functions:

1)‘ It must convert the measurand (output of a transducer)
into a binary number of 9 to 10 bits (.2 to .1% res-
olution).

2) It must be capable of storing amplitude and rate of
change limits imposed on the measurand.

3) 1t must be able to detect a condition in which the
measurand had exceeded any of the limits and to indi-
cate this event.

4) 1t must present the meagurand in digital form to the
control unit upon request (being "addressed"),

5) 1t must allow the limits to be changed without inter-
fering with its normal operation.

A concept of a digital adaptor which meets the above re-

quirements is expounded in the following.

A system which uses the digital adaptor will require a
control unit. This control unit will most likely be an electronic
computer, programmed to accept information from the ‘adaptors and
to process it. In addition it will have to provide timing signals
and to make decisions as to which channels are to be proceséed.

It should be pointed out that the timing regulating A/D
conversion and limit ﬁonitoring could be done by each individual
adaptor. However, no advantage would be gained, Only the size

and cost of the adaptor would be increased, or some way of synche

(SRR ST S
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chronization between control unit and adaptor would have to be
provided in either case.

The adaptor can be considered to be made up of two funce
tional parts: an A/D converter and a special purpose computer,

Small A/D converters available today are based on the method
of successive approximation and allow a choice between parallel
and serial readout. Both, the method of conversion and the type
of readout, have a decisive influence of the design of the special
purpose computer. |

First, the choice between parallel and serial readout has
to be made. Data can be handled faster in parallel than in serial
form at the expense of more complicated circuits. Parallel data
transfer from the adaptor to the'control unit, fequires a great
number‘of lines. Internal connection inside the adaptor are
quite numerous when the data presented by the A/D converter to the
special purpose computer is in parallel form, and the circuits,
which have tb perform limit monitoring, are bulky. The speed
advantage offered by parallel data processing is dimjnished when
the conversion speed of small A/D converters with adequate reso-
lution is considered. Comparing parallel to serial form makes it
apparent that serial form,with its simplicity and inherently high-
er reliability, is the superior choice.

Acceptance of serial data processing for the adaptor
requires a decision as to the direction of data flow., Most A/D

converters use the method of successive approximation., Such a
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converter produces the most significent bit first, At first
glance it seeme necessary to reverse the data flow in order to
obtain the least significant bit first as required by the arith-
metical operations nece;sary for limit monitoring. A reversible
shift register in the A/D converter or dates transfer in parallel
form from the A/D converter to a buffer shift register, and then
shifting out the least significant bit first would accomplish
this. Both solutions lead to bulky circuits requiring numerous
interconnections.

A close examination of the above problem offered an alter-
nate solution, A two step decision circuit was conceived which
allows comparing the measurand to the limits with the most sig-
nificant bit occuring first. (The theory of this method of com-
parison is given in the appendix). This circuit is a trifle more
complicated than one designed for the least significant bit occur-
ring first, but obviates revérslble shift register of buffer
register. Data rrom the A/D converter can be operated on directly
in its original direction of flow.

In the above discussion, it was tacitly assumed that limit
monitoring is performed in digital form. It is easily conceiv-
able to perform the camparison of the measurand to the amplitude
limits in analog form but storage of the limits in analog form
without mechanical meags igs almost impossible, With rate of change
limits these difficulties are emhanced,

Limit storage can easily be accomplished in digital form

with modern MOS FET integrated shift registers., Such registers
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are avallable with up to 100 places in one package., It was these
deviées which led to the decision to use MOS FET integrated circuit
modules for the entire circuitry of the special purpose computer

in pr;ference to bipolar types.

Even with the limits stored in digital form comparison
(monitoring) could still be carried out in analog form, The buffer
register of the A/D converter could be loaded with the binary equiv-
alent of a limit thereby producing the equivalent analog value at
the output of the ladder network of the A/D converter. This out-
put would then be compared to the measurand, The output of the
comparator would indicate whether the limit had been exceeded.

The signal thus obtained could be used to signal an alarm to the
control unit.

The above scheme Qorks well with amplitude limits, but with
rate of change limits a more complicated method is required.

The rate of change which is the time derived of the measur-

and M can be approximated by the change of the measurand within a

known time interval divided by the length of the time interval,

\
(-1 2 E%z)__'.gml-&- =%M- At = conat.

dt 2 1 At
This approximation can be obtained by taking the differ-
ence aof two samples of the measurand which have been taken a
known length of time apart. If the length of time is kept con.

stant for every pair of samples, then the difference is propor-

tional to the rate of change. This - or any similar - method




requires a memory to retéin'the first sample and an arithmetical
circuit that produces the difference. 1t follows that nothing is
‘gained by analog limit comparison once the limits have been stored
‘ in digital form; for the arithmetical operation to obtain the
difference requires circuits which are equally complex whether
comparison is carried out in analog form by tﬁe comparator of the
A/D converter or in digital form after conversion, Moreover, an
advantage is gained by digital comparison because the A/D converte
er does not have to change its mode of operation periodically to
perform limit comparison theré by simplifying synchronization
considerably.

The next points to be discussed are intimately connected
with the choice of format of one channel word. One channel word
is the set of bits which allows the control unit to communicate'
with one adaptor. Adaptors (channels) from which a signal is
desired must be addressed, other channels must be interrogated
whether any of the limits has been exceeded or not. ' Channels
where a change of limits is desired must receive the proper com-
mand and the time base for rate of change monitoring must be pro-
vided, Commands and addresses can be transmitted on one line,

It is not possible to send the values of the limits over the same
" line because of their possible misinterpretation as addresses.
Two lines common to all adaptors in the system will suffice to
keep commands and limits separate, one the address line and one

the limit line.
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The adaptor will receive on its address input a continuous
flow of addresses. One of these addresses might be its own.
Because of the serial nature of these addresses some means must be
found to indicate the beginning of an address., It is possible to
provide a synchronization signal on a separate line at the begin-
ning of an address. However, this contradicts the requirement for
minimum lines between adaptor and control unit, Therefore, a
scheme was adapted in which the first bit of each address is a "1¥,
Still, even in this case, erroneous addreesing might occur. For,
if an address is immediately followed by the next, any "1" could
be considered as the beginning of an address. To avoid such a
malfunction each address is followed by a number of "0" equal to
the number of bits constituting an address, The sampling rate of
a system using this scheme is only half of that employing a sep-
arate synchronjzation line, but this can be remedied by dividing
the adaptors of the system into two groups each with its own
address line. The address on one line then occurs during the "O"
on the other line. Depending on the required speed a system with
two or one address line can be chosen,

Next, a way must be found in which an alarm condition is
reported by the adaptor to the control unit., Using a common line
for the alarm signals makes it necessary to establish a time se-
quence in which the individual adaptors are allowed to send out
their alarm signal. If they were to occur at random, several
might occur at the same time and identification of the channel in

which the alarm occurred would be imposgible. The time sequence
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is established by doubling the number of bits of one channel word.
The first half is then used for signal addressing and the second
half for alarm addressing. The alarm addresses are produced by
the control unit in a predetermined sequence which does not change
during the operation of the system. Each adaptor is interrogated
in turn-and if it had detected an alarm condition, will send out
a signal upon receiving its alarm address. The price at which
alarm signal separation is obtained is again a reduction of samp-
ling rdte and again this can be remedied by adding.a line carrying
alarm addresses only., However, because signal and alarm addresses
do not occur during the same time interval it becomes possible to
send both the tnformatioﬁ and the alarm signal on the same line.
Disregarding the power lihea, one more line is required
besides address and signal output lines, the limit line. During
limit loading four binary numbers have to be transmitted to a
selected adaptor, upper limit, lower limit, positive and negative
rate of change., These numbers comprise 10 bits each, (length of
one converter word) together 40 bits, If the length of one address
word is also chosen 10 bits - which gives an adequate number of
addresses - then the channel word will have the same length as
one limit word, viz. 40 bits, With limit and channel word of the
same Iengfh it becomes possible to change limits within one chan-
nel word -~ an advantage when considering the programming of the
control unit. One channel word is shown in Fig.3.]. The first bit
of both, the signal and the alarm address word is a "1". The

ninth bit of a signal address word is always a "1", while its
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tenth’bit ie normally "O" and becomes a "1" periodically as re-
quired to establish the time base for rate of change monitoring.
The ninth bit of an alarm address word is alwaye a "O"., The
tenth bit is normally "O" and is made "1" when it is desired to
load limits., Seven bits of an address word are used for address-
ing proper and allow 127 different addresses to be generated,

As mentioned before the individual adaptors do not contain
clocks. The clock is common to all adaptors and is located in the
control unit. Pedestal pulses on the address line provide the .
proper timing for the adaptors. The clock rate is decided by the
maximum speed at which the shift register can be safely opérated
and is 100 kHz,

Fig. 3.2 shows the time relationship between the addresses
(signal and alarm) ahd the signais (output and alarm).

Fig. 3,3 shows a way of increasing the sampling rate with two
address lines and one common signal line. One common signal line

can be used without the danger of mixing signals,
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4.0  THE DIGITAL ADAPTOR Monuu:‘

4.1 Functional Description:

The digital adaptor is intended to be used in multichannel
data acquisition system. 1t receives commands from and sends sig~
nals to a command unit as shown in Fig. 4.1. All adaptors share
the same communication lines. Only three such lines are necessary:
Address line, limit line and signal line,

The address line carries coded address signals allowing to
interrogate any channel and also synchronization pulse to assure
'proper timing of the internal operation of each adaptor.

- The liiit line transmits a set of limits to a adaptor which
is selected to receive this set by a command on the address line.

The signal line transmite a signal from any adaptor which
has been addressed. This signal can be an output signal corres-
ponding to a transducer output or an alarm signal indicating that
‘the limits in the ;ddressed channel (adaptor) have been exceeded.

Block diagram Fig. 4.2 shows the major functional blocks
6f one adaptor module. Also shown is the manual limit setting box,
which makes it possible to adjust individual channels locally.

A signal on the address line is entered into the address
register and decoded. These signals on the address line are sent
‘out in groups called "channel words". Fig. 3.1 shows the format
of such a channel word. It consists of four groups of 10 bits
each, The first 10 bits contain the signal output address (bits
2 through 8), a bit indicating the beginning of an address word.

(bit 1) a bit indicating that the address received is a signal
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output address (bit 9) and a bit establishing the time base for
rate of change monitoring (bit 10). Bit 10 is not contained in
aevery address word but occurs only at certain times as dictated by
the selected time base. The second group is ten zeros which allow
the address register to clear and prevent erroneous addressing,
for if one address were followed immediatelyAby the next or spaced
fewer than 10 bits, then any "1¥ followed by a combination of "1'sg"
and "O's" could be considered an address and be recognized as such
by an adaptor.
. The third group of ten bits contains the alarm output ad-
dress (bits 2 through 8), a bit indicating the beginning of an
address word (bit 21). Bit 9 is "O" indicating that an alarm out-
put address has been received and bit 10 is "1" whenever limit
loading is desired.

The following ten bits are again all "0O!'s" for the same
reason as the bits following the output address,

The adaptor can be operated in four different modes: 1)
silent mode, 2) active mode, 3) alarm mode, 4) limit loading mode,

When in the silent mode the adaptor is not addressed, It
thercfore sends out neither an output signal nor an alarm signal.
However, it does receive timing and command signal by the presence
or absence of the bits 1, 9, 10, 21, 29, and 30. These signals
are decoded and control A/D conversion, and limi;‘monitorin;.
During the silent mode the limits are shifted out of the limit
storage register, re-circulated and periodically changed upon a

command by the control unit (bits 1, 9, and 10 of the received

i
-
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address are "1's"),
The adantor iec nlaced in the active mode by receiving ite
own signal address (bit 9 ie "I%), 1) bits representing the digi-
tal eguivalent of the measurand are then sent sut on the sicnal

line,

The adaptor is in the alarm mode when any of the limits has

heen exceeded (a "1" has been stored in the comparakor) and it has
received ites own adcéress. The "1" gtored in the comparator will
then be sent out on the signal line.

The adaptor is placed into the limit loading mode by re-
ceiving its own alarm address with bit 10 being a "1". Recircu-
lation of the contents of the limit storage register is interrup-
ted and the limit input opened to accept a new set of limites from
the control unit.

The limits stored in the adaptor can also be changed man-
ually by means of an auxiliary circult contained in the manual
limit setting box. Upon command the manual limit setting box in-
terrupts the recirculation of the stored limits and shifte a new
set of limits into the limit storage reglster, Frovner synchroni-
zation of‘the shifting process is assured by synchronization sig-
nals picked up b} the manual limit setting box from the adaptor,

4,2 Timing of Events:

The detailed functioning of the adaptor is descrived in
the time tables 1 through 4, Appendix B. The wave forms et impor-
tant points ineide the adaptor are shown in #iz. 2.1 through B.4,
Appendix B; The logic block dlagram Fip. 4.3 compléments the in-
formation contained in the time tables and wave shapes,

The time tables, the wave shapes and the logic block dia-




gram are based on the following assuﬁptions:
1) The signal address of the adaptor module is 1000111110
and the alarm address is 1090111100,

2) 1In all modes with the exception of the silent mode the

module has received its own address,

3) The limits stored in the module during all modes with

the exception of the alarm mode are:

Current value C (output of A/D converter) is 1100000110.
Previous value P is 1010000101, |

Upper limit UL is 11000920111,

Lower limit LL is,100000000] and its 1's complement

IL is 0111111110,

A" 1s 0015000110,

N 1s 0100000110,

4) Current value C during alarm mode is 1110000110,

4,3 LDetailed Circuit Description:

A few more words are necessary for the understanding of the
functioning of the decoder (regiéters SR 4 and SR 5 and gates CR 7,
OR 8, and A 9, Fig. 4,3), the limit storage register with its ;
steering gates (register SR 1, gates CR 5, OR 6, OR 10, OR 11,

A 4 and A 15, Fig. 4.3), the previous value register with its
steering gates (reglster SR 2, gates OR 1, OR 1 and A 1, Fig, 4.3)

and the pulse shaper (see schematic diagram, Transistors Q 4 anc

Q 5).
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4,.3.1 The Address Decoder:

An address word appearing on the address line is
entered into SR 4 and its one's complement obtained from inverter
I 1 is entered into SR 5. The states of the outputs of SR 4 after
10 steps when the first bit of the address word (which is always
a "1") appears at output 1 of SR 4 indicating that an address has
been received., The other outputs of SR 4 have now assumed states
which correspond to the address word while the states of the out-
puts of SR 5 correspond to the one's complement of the address.
Two NOR gates are used to decode the state of the reglsters.

NOR gates OR 7 and OR 8 will becuwe both "1" when all their inputs
are "0", Consequently, the outputs of SR 4 which correspond to
"Otgh of the address and the outputs of SR 5 which correspond to
") tg® of the address are connected to the inputs of the NOR gates
OR 7 and OR 8. Seven bits of each address word are available for
identifying one channel while the reméining three serve for syn.
chronization and mode control. The decoding matrix shown in the
logic block diagram Fig.4.3 is wired for the signal address
1000111110 and the alarm address 1000111100. When OR 7 and OR 8
are both "1", A 9 is also "1". The output of A 9 by itself has
no effect on the module unless one of the gates A 10, A 11, or
A 12 are also "1" at the same time,.

Decoding could have,been done by using one or more AND
gates in place of the NOR gates. However, available circuit

modules dictated the approach using NOR gates.
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4.3.2 The Limit Storage Register:

The limit storeage réglster SR f is connected to two
arrangements of gates. These gates control recirculation and
limit loading. When the limits are recirculated the outputs of
the gates OR 5 and OR 10 are képt “i1" by making one of their irputs
wi®, Signals on their other inputs will not change their outputs.
The output of SR 1 can pass OR 11 because its second input is kept
at "O" and thenAinverted by A 15 whose second input is "1" as long
as OR 10 is """, The inverted contents of SR 1 then reach OR 6
whose second input is kept at "O"™ and therefore passes the sign 1
to A 4, The second input of A 4 is "]" because of OR 5 being "1",
The signal can pass A &, is inverted by it and re-enter into SR 1
in its original form.

During limit loading when a signal appearing on the limit
line is entered into SR 1 and flip flop FF 3 had changed states,
OR 6 is kept at "1" thereby blocking recirculation. The second
input of OR 5 is now "O" and the signal on the limit line is free
to pass to be entered in inverted form into SR 1.

During manual limit loading when a set of limits is to be
entered from the limit loading box, OR 5 and OR 6 remain in the
same state as during recirculation, OR 11 ls now kept at "1" and
OR 10 allows the signal té pass, However, because of the double
inversion by A 15 and A 4, the limits must be applied to OR 10 as
their one's complements. The manual limit loading box is wired in
such a manner, that the limits entered into its registers are in

inverted form,
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4,3.3 The Previous Value SR 2 Register:

The previous value register must p}ovide to the come
parator gates the following periodic sequence: previous value,
10 "0's", one's complement of previous value, and 10 'O's™,

This sequence is produced by taking advantage of the inverting
property of the gate arrangement OR 1, OR 2 and A 1,

When the output of the A/D converter is transferred to
SR 2, OR 2 is "1¥ while the second input of OR 1 is "O", (see
Time Table 1). A 1 inverts the signal and places it into SR 2,
OR 1 is then kept at “1" by the Q output of RG & until the time
base signal arrives. OR 2 is also kept at "I" for the next 10
clock pulges., The cutpﬁt of Al is "O" and 10 "0O's" are placed
into SR 2. Following these 10 "O's* the complement of the pre-
vious value is shifted out of SR 2. The second input of OR 2 is
now "O", the signal can pass and is 1nvefted by A1 and is enter-
ed into SR 2. OR 2 then goes to "1" again and 10 "0O's" are shifte
ed into and out of SR 2. After these 10 "0's" the previous value
in its normal form appears at the output of SR 2 and one recircu-
lation corresponding to one limit comparison cycle is completed,

4.3.4 The Pulse Shaper:

The pulse shaper provides the nec;ssary clockbulses for
the adaptor. Its two outputs are the complements of each other,
Pulses greater than -1V received on its input will saturate Q 5
so that the pedestal pulses on the add:es? line are sufficient to
produce a 0 to -10V signal at the collector of Q 5. This signal

{e then inverted by Q 4. The signal at tRe collector of Q 5
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corresponds to clock pulses'¢, and the signal at the collector of

Q 4 corresponds to clock pulaesr#z.

4.4 Implementation:

4,4,1 Components:

The largest single item required for the implementa-
tion of the digital adaptor transducers is the A/D converter. The
only unit on'the market which meets both, the size and the cost
requirement is Pastori?a Electronics" A/D converter Model ADC-
IOIC. The interface circuits for integration of the converter
with the other circuits are simple: only three level changers are
necessary (serial output, start pulse and clock pulse). The only
modification required will effect the serial output which in this
application will pe taken from a different péint than in the stane
dard model, Appendix G is the schematic diagram of Fastoriza
Electronice' A/D converter with the intenced changes entered upon
it. The performance specifications of the A/D converter, Aypendix
i, will also govern‘the performance of the adaptor module.

The logic circuits which perform linit storage, limit
comparison and decoding will be implemehted by IMCS field effect
trunsistor integrated circuit module vroduced by General Instru-
ments and the MicroElectronics Division of Fhilco. It was attemp-
ted to keep the number of different modules to a minirmrum and, there
fore, extended use was mede of Fhilcc's module pL4GOl. This
module conteains 2 gate arrangements with 4 inputs cach, 0y inter-
connecting the terminals of thig gate arrangement a large variety

of logic fundétion can be produced., In the adaptor this module
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$e used as register, AND gate, NAND gate, OR gate, NOR gate and
inverter.

Other very useful devices are General Instruments’
chift registers MEM 3021 and MEM 3012 SF. These devices which
come in packages no larger than a flip flop and have a capacity of
21 and 12 bits, respectively, macde it possible to keep size and
power consumption of the adaptor within realistic limits.

Another significant saving in size could be realized
by taking advantzge of the logic functions of Fhilco's decoder
pL4G0O2, This one module performs the functions of the 4 AND gpate
4 1C, A 11, A 12 and A 13 (see Logic Diagram, Flz. 4.7).

The complicated majority function (gete li) required
for limit comparison is obtained from the carry outnut of a full
Ceneral Instrument's full adder MiM 1090, The second full acdder
contained in this module is used as an exclusive Ol pate (o 1),

OR gate, OR 17, is not an integrated circuit module
but consists of two diodes, These two dicdes not only act as an
OR gate but also prevent sigznal on the signal line from entering
the acaptor.

A few circuit functions cannot be implemented by
integratced circuit modules. These ave the level chanzers (¢ !,
7?2, and N 3) and the pulse shaper (3 % and '} 5 , Schematic

Diagram). The transistors chosen {oxr this tas’s are well wroven

types available as military versions,

The complete Parte List can be found in Avpendix O,
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4,7.7 Fockesinng:

The chosen packagine aporosch was influenced by the
following consideratior:

1) Desizin and development of the adaptor module will only

be carried out to the prototype stage.

27) thile a vrototyne in rature, the pechezed adsptor must
he small enoush to demonstrate its teefulness and show
prormise of {ature size redustion,

2)  The vachasins rothod muert pe flexitle enousp to allows
cih.unhzes when NCCESEary.
4) The packaging method nust Le lnextensive consicdering
the =mall quantities involved.
The vackaging method adonted for the job is deemed to be a mo0d
comprovize between manual and machine worl.

The basic idea of this approach is the sene as the
one used by Lneineered Llectronics Jo. in their Microstick Systen,

The intesreted circuit packages are mountec on sove-
erel layers of conductor patteris senarated Ly insulatin. layers,
Ti~, 4,3 shows an czploded view of such an arrsamvent.

“ecause of the meny differert conductor layers res
quired a w.ay had to be found to procuce tham asAeffitiently ae
possible. The adoptec approach starls with e basic conductor
nettern chown in Fis. %.9. Cf this pattern eor meny nepatives
sre made ae there are different condurtor »atterns, Hnesnted
conductor pattern is then blarned oux (see Fi:, 2.7)., Yrom the

nezativas thus obteined the conductors are nade from twoecunce

.
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copper foil backe; with adhesive }Mylar by standard etching
techniques. )

For assembly the circuit packages are placed into a
Jig and the conductor layers soldered into place. Before the
soldering takes place part of the ;iylar backing covering the

comb-like leads of the conductor pattern is removed to allow

soldering to the circuit modules. (see Fiz. 4.17) After scldering

the cirvcult packazes drc potted to give them sufficient struce
tural strength,

The 30 integrated circuit modules of the logic wpart
of the adaptor can be packaged in only three units, The finished
nackages are then mounted on the mother board (Fiz. 4.11) which
also carries the A/D converter. ©Tach adaptor is equipped with a
ITT CannoneMicro D }DB1-25 connector which has its counternart

on a chassis (Fig. %.12) which accepts the 6 adaptors of the

complete svstem,
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Transistor Q 1 mekes cure the 3 input of FF 1 is returuned
to -V,the moment FF 1 goes iato its "IN gstate, A second setting
of FF 1 thereby avolded as lung as 3 3 has not been opened agnin
long enough to allow C 1 to discharge.

After 4 limite have been shifted into SR 4D it is now
possible to transfer these values into the limit stovage register
of the adavtor, S 1 ie set lnto the transfer posirion and upon
closing of § 3 snd rrigeering bf FF 1 by the first pulse from the
*1" output of FF 5 of the adaptor. OJOR 11 of the adaptor is kept
at a "1" blocking the contents of the Limit repister of the adap-
tor from recirculation, while the new limits from SR 40 can pass
through OR 10 and A 15 to the input of the limit register of the
acdaptor,

5.2 Inmplementation:

The same type of MCS field effect transistor integrated
circuit modules will be used for the manual limit setting box as
for the adaptor,

The packaging requirements for thlg circuit are not =0
stringent ae for the adaptor. The volume taken up by the clrcuits
is =mall in compariron to the switches for limit entering. The
integrated circuit modules will be mounted in sockets and the
interconnections will be made with wires. The circuirs will be
encased in a standard aluminum case measuring 6% x 3%"x 2%"
fitted with a cable for connecting to the acdaptor,

The complete Parts List can be found in Appendix t.
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6.0 CONTROL UNIT FOR TESTING

Page 6,1

During the testing of the proposed system of 6 adaptors it
will be necessary to provide synchronization, to generate ad-
dresses, to display the output signals and load the limite, These
functions which will ultimately be performed by a specially pnro-
grammed computer are indispensable for the operation and check
out of the system.

The control unit for testing must be inexpensive ard,
therefore, simple. It is the address generating circuits where
the most significant savings can be obtained. Rather than attempt
to generate all 127 vossible addresses in any desired sequence,
the addreqs generator ic limited to 6 addresses in one sequence.
The display for the output signal is also kept to a miniimun, Only
one channel can be displayed at a time. To display more than one
channel at the same time would add nothing to the usefulness of

the test set-up for, only one channel can be evaluatcd at a time,

6,1 Circuit Description:

Fig. ©,1 shows the block diagram of the control unit. An
external pulse generator serves as a clock. Clock pulses of both
phases, ¢, and ¢iare available at.a rate of 107,709 pulses per
second, Counter C 1 is counting at this rate and each of its 10
outputs becomes "1" every 10th clock pvulse, Output 1 triggers
flip flop FF 1 causing it to changé states every 10 pulses. The
"% output of FF ! in turn triggers FF 2 which changes states
every 20 clock pulse«, In this manner, the basic interval of 10

"Ots" of a channel word which alternate with signal and alarm

addresses are obtained by alternately biocking CR 1 by the "“O©




‘-

output of IF 1, The inverted output of OR 1 stays at "O" as lon:

e

~3

1 is in ice "O" etate., The "I" outout of FF 2

v

’-h
$de

as i

r

& a square

wave with a weriod of 40 clock nilses corresponding to the langth

)

of one channel ward, The "1M Lavvat of TF is applied ro counter
C 2 wvhich is thercfore advanced by onec count at the beginniny, of
eiach channel word, (3eo wave shapec Tic. 7.2) 2 0 is & wodule &

counter ané its outpute are connectad Lo AND yates A 2 through

A 7., Any one of trhese zates will Lo erahled fur 40 dulees if its

inverted tnput is returned to zero throuzh tihe <witcl connected To

s

it, The output of such a vate will then be &« "I'" oher the output

of C 1,t0o which it is connected, becomes "YU, thet is Toor this

.

during one channel word, (nly twi of these rignals, spocec 20

>

pulses apart, reach the output bdecause CR 1 ic hlocked every
othier 1) pulser, Addresves thus procuced consist of 2 cipgle “1I¥

(digrezardina bit 1, 9, and 12 chicl serve to convey cormance )

~
i

positioned in front of ¢r hetween “2'e" . Siecpal and alarn ad-
dressae acnt out duriag the cane channel word are alwaye the sane
with the exception of bit 8 which appears ir sienal 270cdresses

only,

By switchine eny of tre switches 2 through 7 7 to the

~y
‘i

"IM output of FF 1 it is rossitile to dJdiecable the corresnondivg

SN

AND rate during the firvet 27 bits of & cliornel vorad. Lo elpnal

1

aGdress is procduced in this case, only tie slarm address.

t 9 used to signify a siznal output address muct appean

[
 cd

only durin; the first 13 bits of a channel vord, Cat.ut 9 of

C 1 in, therefore, annlied to a 2 which ie enrbled when F7F 1 and
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FF 2 are both in the "1" state (see wave shapes, Fig. 6.2).
Switch S 8 allows selecting the channel to be displayed.
During the time C 2 stays in the state selected by S 8, A 15 is
enabled. When FF 1 and FF 2 go both to "JO" und the inverted
output of OR &4 becowes "1" then A 15 passes clock pulses to shift
register SR 1, The pulses appearing on the output line of the
adaptors are then shifted into SR 1. After 10 pulses FF 1 gyoes
to "1% and A 15 is disabled. For the following 30 clock pulses
the contents of SR 1 remain unchanped, During the same period
'the output of A ]6Ais "O" and power is applied to the lights B 1
through B 10 through Q 4. Those lights which correspond to a "1"
in SR 1 are turned on. When both FF ) and FF 2 are in the "OY
state the period during which SR 1 is loaded and the states of
the outputs of SR 1 are changlng - all lights are turned off,.
If the lights were left on, no clear read out could be obtained
for lights corresponding to "0O's" would also be turned on during
loading of SR )} and glow at various levels of brightness.
Counter C 3 counts the output pulses of A 9, C 3 has a
maximum count of 1000 and consists of three module 10 counters.
A 9 becomes "1" only once every 40 clock pulses. Consequently,
it takes 40,079 clock pulses to complete one revolution of C 3,
The decoding network A 12, A 12, and A 14 procuces & "1" for
40 clcck pulses with a periodicity of 40,700 clock pulses. 1Its
output is appliec to‘A 10 which pute aut a "1" when output 19
of © 1 and FF 2 are also "1%, This event alweys takes place on

the clock pulse imneciately followinz ar output from A 93 there-
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by making the output of A 10 part of the signal address., Vhen
such an address is recelved by an acaptor it replaces the pre-
vious value stored in the previous value register by the current
value, In this manner, the time bacse for rate of change detec-
tion is established. The tlme base in this case is .4 sec
rather than 1 sec wvhich wiil eventually be used when the system
wiil be controlled by a‘computer. The shorter time base of .4
cec was chosen to simplify the design and cost of the control
unti for testing.

Por remote limit loading the manua; limit loading box
must be connected to the control unit. The limits are placed
into the box in the same way s when it is used for loading in-
dividual acaptore locally, However, the transfer of the limits
from the box tc the adaptor ls now initiated by closing switch
S 1 of the control unit, Closing 3 1 forces the inverted set
input of FF 3 to "0" anc¢ when the output of C 2 (selected by 53)
which corresponds to the channel whose limits are to be changed
goes to "1" FF 3 is set to "1%, A 11 is nos 2nabled and when
FF 2 goes to "O" output 10 of T ) will appesr et ite output,
The inverted output of A 11 is gpplied to the set irput nf FF 1
of the limit loading box. This flip flop will go to "i" uLon
receiving a pulse on its trigger input from FF 7. Clock pulses
car now reach the registers of the limit 1nzding box and the
limits are shifted out on the limit line, FE 3 is resget by the

rext "1" from FF 2. FF 1 of the limit loading box is reset 49

clock pulses later when FF 7 goes to "1" again, Limit loading
!
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is then completec,

lio provision are mace in the control unit to Jiswvlay an
alarm signel that might be produced by an adaptor whose lixits
have been exceeded, Alarm signals are dnféctwd on the signal
line by monitoring it by an Osnjlloscore.

€.2 Iinplementation:

The controliunit empluys the same type of inte rated cire
cults as the acaptor, ‘

The control unit {or testing is¢ inatended for chesboant of
the adaptor during and after asrsestly at the feoctory and io,
therefore, of temporery usefulnecs only. It snculd he construc-
ted at the lease ‘possible cosir. Simple treacdhboarding with the
integrated circuits mounted in sockets will be adesuste foar

this purpose.

The complete Farts Lists can be found in Appencix

I
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7.0 SPECIFICATIONS
Performance of the digital adaptor for transducers will
conform to the following specifications:

Analog Sipnal Input

Input Voltage O to =13 V
Input Impedance 2.4 R

pigital Sienel Output

Wword Format 19 bite, non-return-to-zero,

wost significant bitr ficet,

Resolution 10 mv
Bit Rate 170,C00 bits per sec.
Logic Levels "M corresponds to O V

"l" corresponds to =~10 V
Word Rate 2,509 words per sec.
Output Impecdance 2 k2
Limit Input
Word Format 49 bits corresponding to the
4 limite, return=-toszero or
non-return-to-zern,
Bit Rate 100,000 bite per wec.
Logic levels "O" corresponds to O V

"]1" corresponds to =10 V

Input Impedance Y 5 M

o B NP




Address Signal Input

Word rFormat

BRit Rete

Logic levels

Channel ‘Jord Rate

Innut lmpedance

fower Regquirements

40 bits allocated to one channel,

return-to-zero, pedestal pulses for

synchronization.
100,990 bits per sec.
WY corresponds to OV
*i" corresponds to -10
2,59 words per second

36 %

+15 VDC, + 1%,70 mA
+ 4 VDC, + 5%, 290 mA
-13 VDC + 2%, 85 mA

=26 VDC + 3%, 65 ma

'

max,




5.0 TEST METHODS

Realistic testing reguires that the adaptor be operated
under conditions which recemble thosge of its eventual application
oc clogely as possible, For this reason a8 control urit will bhe
constructed which will allow overation of a gystem of 6 adavtors,
The control unit is described in Section 5.*; It provides all
evnchronization signals, penerates addresses and displays the

outnut signal of one channel,

The parameters to be tested can be divided into two proups:

1) Farameters depending on the performance of the A/D converter.
2) Parameters depending on the performance of the logic circuits,

To the first group belong linearity and conversion accur-
acy which can eaéily be tested by applying a series of known
voltazes to the invut andé comparing them to the values read out
at tho display of the control unit., This tesk is equivalent to
testing the A/D converter.

To the cecond grouap belony adérase discrimination, pulse

"

[}

the acouracsy eith vhich emplitude and reate of ohange

o

[

FOapeE ) ang
Tinite ecan be monitovred.

Addrese djsociniwtion snd pulse ehaner can eacsily be
conitured ~nd checred o dhe screern of an osciiloscope,

The rise anc fall time of tie dilsee constituting th=
out ot = ionel must be eufficiencls short to allcw the pulses to

LNal 1l
e

assuae the copcent lovic levele of and "M owirhin one <lock

Pt
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Address discrimination can be checkec by monitoring the
signal output line of the system. 1If the addresses generated by
the control unit do not correspond to any address of the adaptor
of the system (for instance, bits 2 through 8 equal to “O",
see Fig. 3.1) then no output signal must appear in the time
slots of 10 bits immediately following the signal address words.,

Testing limit monitoring requires a more eleaborate test
set up. Fig. 8.1 shows such a setup for testing amplitude limit
monitoring. Fig. 8.2 shows the time relationships of the per-
tinent wave shapes. The signal applied to the adaptor under test
consists of a DC voltage on which a rectargular pulse is super-
imposed. Uhen the upper amplitude limit is to be tested then the
peak-to-peak voltage of the rectangular pulse is adjusted to
such a magnitude that thé composite signal (DC bias plus pulse)
exceeds the upper limit stored in the adaptor. During the time
period of 30 clock pulses following the leading edge of the rec-
tangular pulse both, lower and‘upper limit are compared to the
signal ;nd an alarm siegnal must, therefore, appear on the out-
put line of the system at the end of this period. The syn-
chronization signal for the pulse generator must always be taken
from the output of C 2 which corresponds to the channel uncer
test.

The same method is used to test the monitoring of the lower
limit, only in this case the pulse polarity must be reversed so
that the composite signal is the difference of bias and pulse )

ané as such smaller-than the lower limit stored in the adaptor.

™
I‘A.
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Fig, 8.3 shows the setup for testing rate of change moni-
toring. Fig. 8.4 shows the time relationships of the pertinent
wave shapes,.

The signal applied to the adaptor under test consists of
a DC voltage on which a ramp function is superimposed. The D C
bias voltage is required to insure that neither of the amplitude
limits are exceeded during the test. The slope of the ramp func-
tion ie sdjusted to a value just slightly longer than the the
value which corresponde to the upper rete of change limit stored
in the adaptor. The ramp voltage is started by the leading edge
of the output signal from gate A 14 of the control unit. This
sigﬁal is used to procduce a command signal which causes the adap-
tor to shift a new value into its previous value register. The
previous value register then retains this value for 40,000 clock
pulses until it receivee the next command signal. If the change
of the input voltage with a slope which corresponds to a value
slightly larger than the stored rate of change limit is started
concurrently with the replacement of the contents of the previous
value register, then an alarm is detected at the end of the 40,000
clock pulse interval and an alarm signal must appear immediately
following the alarm address of the adaptor under test, By synchro-

aizing the beginning of the ramp function with the replacement
of the contents of the previous value register, ambiguity as to

the exact time when an alarm has been detected is avoided.
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For; ir we aseume that thie ramn voltasze was estarted in the middle
of the 40,0)) clock palse period, then it wight take more than
59,039 clock pulses before &n alarm signal is produced, ‘

iower rate of change limit amonitoring is tested in the
same rpranner, the difference beiny only the sign of trne slope of
the ramp function.

As exverience incresses atter testine of the digital
adantor has been started, imbroved test methods will be found

which eventually will find apolication ir the checkout of

inctalled eystemsusine the cdiziral acantor for transcucers.




9.0 COSTS OF MATERIALS )

The costs of materials of one digital adaptor module,
one manual limit loading box and the control unit for testing
are shown below. The fourth cost breakdown shown below refers
to a system with 6 channels which is propoused to be builtvCO
demonstrate the feasibility of the design concept of the digital
adaptor for tansducers.

The cost of the éystem of six channele contains en 2mount
for narts ¥n excess of what is needed'for the constiuction of the
system (scrap). These parts will be necded for experiments anc
to serve as replacements for parts lost in manufacturing and
testing. Only six A/D converters shown in the break down for
these items are completely developed off-the-chelf models. It
is not expected that any of them will be damaged or lost during

manufacturing and testing.
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DIGITAL ADAPTOR MODULE

Cne Diegital Adaptor liodule

Part Mumber Unit Price  Total irice
pL4GO] 15 12,60 189,10
" pL&4GO?2 ? 43,30 87.80
MEMI0990 1 32.99 32.00
MEM1002 1 12.09 12.00
MEM1 005 4 15.00 60,00
MEM3012SP 3 78.70 234,00
MEM3021 3 74,59 223,09
MEM40ON0 ] 15.00 15,00
Patchboard connector 1 9.080 9,00
Patchboard plug ] 9,9 2.00
Limit box connector ] 3.00 3.990
Printed circuit board ] 3.930 3.0%
Multilayer interconnections 20 2,50 50,00
ADC-IOiC Converter 1 1000.00 10n9.090
282222 transistor 2 2,938 11.92
2N2907 transistor 2 R,79 17.40
IN915 diode 4 .67 n.62
Resistors i3 .23 2,44
Miscellaneous 170,70

$2065,n0




MANUAL LIMIT LOADING BCXK

Fart Number
MEM 1005 11
MEM 3021 2
pL4GN ]
282222 1
Resistors 3
Canaclitor 1
Lever action switch 1
Toggle switch 1
Iush button switceh 12
Case 1
Connector ]

*4acellaneonus

One anual Limit Loadins BOX

Unit rrice

Total [Price

15.70

165.00
149.020
12,60
2,95

b

3330.00




Part
L4
HL&cD
pL4GOZ
M2-1995

VEM30123F

Reci=tors
Cupacit5f
rotentiometer
Incandescent Lulbs
Socketg

Fueh button switch
Toz>le gwitches
notary svitch
Lase

connectors

tilecellancous

One Control Unit

wipppber

HRNEHYSIS o

CONTRCL UIIT FOR TESTING

Unit rrice

9.4

)

153




Fage 9.5
3YSTEM WITH 6 CHANMEZLS
Isrt : Lumber Unit Price Total Price
Dipital adaptor 6 2965.90 12,390,990
tanual limit adj. »ox 1 3380.00 380,00
Control unit ] 76,10 376,00
Scran (12% except 6 A/L converters) 765,00

“aterial Cost ; $14411.00 -
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13,9  WORK FLANNED

After approval of the cesign of a digital édaptor for
transducers resulting from Phase B effort, Fhase C of the con-
tract will be started. During this phase a system of six chan-
nels consisting of six adaptor modules, one manual limit loac-
ing Gox and one control unit for testing will be constructed,

Before the fabrication of all six adaptors is:started,

a breadboard model of the adaptor will be built to check the
soundness of the design and of the interconnections,

The system will be thoroughly tested and the thus gained
exnerience applied to the writing of the Acceptance Test
Procedures,

Phase C will end with the delivery of a system of six

adaptors and the acceptance test procedure,
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folel:

ST SMMARY AND PROJECTION CF #UTURE EXPENDITURES
At the eond of Fhase B a total of $64,300 or 72% of the

coste funded for the contract have been expended. Of
rhiz ommount $47,550 or 45% have been spent during Fhase B
alone,

Fhase 3,

which comprises the main effort of the scope of

worls of the contract, required more time than orisinally antic-
Loated,

The reason for delay is to be found in the nature of
the tack which did

not allow a division of work among many in-
divicualrs,

4s 1t turned out, it was wmainly 2 task for two
an;-ineersa,

Difficulties developed when it bhecame appvarent that

Fhace %

certain semiconductor devices which had been on the market when
o}

was started were no longer available. Design changes
becamne unavoidable causing costly delays.

The projection of future expenditures reflects the effect

of these delays «and also the increased costs of materlals which

proved higher than originally anticipated,

selow, a graphical representation of the

projection of
future expenditures is given:
. 444,000
106.500 R
92,30 P
£50 -
64,400 .
. _
PHASE, C PHASE D
— a4
T (R I
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Appenaix A tage - 12

If A, = By + C i=d+ 1, ... n then the first n - d bits

i i?
will not decide whether A > B + C or A£ B + C, If we meet with
the condition Ai = Bi + Cifor i=d4+ 1l,..n we can disregard
these portions of the numbers in the following considerations. It
suffices to consider only numbers for which Ay *‘Bd + C, for the

most significant bit,

2.) A<B+ C

If Ag< By + Cq oOr Ay =D =0, gy =1
Ad=cd=o,sd=1
| (2)
Aa = 0, dd—Cd=1
1 d i-1
For: 2°7 > 2 ag 2
L=t
d-1 d 1-1
(A, +1) 2 > Z a2
d !
N - 5 d_l D . . d—l d i-]
from (2): (34 + 3,) 2 = (a4 4 1) 2 >ZA12

L=/
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Anpendix A tage - 3
d d .
i=1 d-1 i-1
(3.4 i
d of
- i)
2 (B, +¢)) 21 ! )-EE: A, 2 q. e. 4,
i1 @ ar YR
2. A>B+ C
If Ac> B3+ Cqy orag=1,845=0Cq=0 (3)
+ - + . o= = =
BJ 3 A‘ 1, or AJ EJ g, CJ ]
A, =C =10, g. =1 (4)
1'—'?1“’1,... d-l j j ? J
Aj = Bj = (41 = 1
S 5 - - -
Ag = iy + Cz or Ag = By = Cg = )
A, =B =1, C_=0
8 5 '
\ P (5)
Ag =0, =1, By = 0
A» =1, Bg =C, = 0
d-! d-/ tewl oL~ 1_]
For from (4) : Z(Bd + C )21- = Z A\.?“ + Z 2 (6)
}‘3" -9 - 479
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-t d
-1 1
from (3): ét_-. (B, + Cj) -2‘} = Z (3. + CJ) 2J
d=att d=9t
d . 1 d-1 . -1 .1
Z(Bj-i-u)?.j: ap 2Tl 5
J.g&] Jgﬂ' dag?/
d - d"l' _1 d“’ --1
from (6): 2 (35 + C;) Al AT e TP
jrg Jegri 3 i3t
d-]
from (3): Ay 2 = 291
29-1 af, PSP
J'—:—:grl
o . o . \ ol -/ . o
Soa 23 o S ey 207 20 ST L pR
fj:gf/ J’:gt{ 3 J ({:g#/
) 1
from (5): A 25'1 - (B +C )2 = 0
e E e £
! kel Kel
2 (s + )2 <22 7 - L2
ka1 =
3! k-1 g.:’ -1) g kel
2 A 2 = 2 (Bp+ Ck) 2 2 -3 2
kel ° K-1 Ks2
% :
1".—1329]—

Adding (7) (&) (9)
h2i

(7)

(3)
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Appendix A rage - 6
It is now possible to derive loglic egquations for a comparator
which accepts ? binary numbers in seriel form with the most signifi-
cant blt firet end which signals the condition A > E + C called
*alarm",
The bite in the same position of the three numbers occur in

any one of 3 combinations as shown in Table I,

) J?Combination ;Ai | EL ¢y
] 1 0 | 9
: 0 1 0
* 3 iy ] 0
4 n | 0 | o |
L 5 ] 0 |1
1 s 0 1 1
7 1 1 1
| 5 ol o |1
TABLE 1.

Combinations 3, 4, and 5,vhen occuring first, correspond tog._

“

equation 1.): written in Boolesn algebra:

S = Ay By Gy 4 Ay By Gy o+ Ay B G

The comparator remains in its initial state when any of the
combinations 2, 6, 7, and 8 occur after only combinations 3, 4, and

5 have occured then A< E + ¢ (equations (2) ). In'5oolean algebra;
N = Ai Bi Cij + Ay By & + Ay Eg Ci + Ay By Ci (14)
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Appendix A La;¢e = 1

Rerarcless of what combinations follew, A cannot exceed
B + C. The comparsator, therefore, must be inhibited from pyoing

into the elarm stete during the remaining part of the comparison

cycle.

If combination 1 occurs after only combinations 3, 4, and 5

.have occured then it is possible but not certain yet that A> i+C.
(equation 3)
written as a logic ecuation

As long as only combinations 2, 7, and 8 (equation 4) occur
after combination 1, no decision can be made. but if any of the
coﬁbinations 1, 3, 4, and 5 (equation 5) occur efter 2, 7, and 8,

then A& >B + C and the comperator must produce an alarm eignal,

The logié cbndition is:

roR Z, + A B, Cu+ Ry Bs B =
Ay AJ 3 Cj + Aj BJ Cj; + AJ BJ Cy + AJ by €4

4

(ﬁj+aj+cj)(Aj+Bj+Cj)(Aj+bj+cj)(Aj+Bj+Cj) =
=_Ej BJ Cj + Ay bj Cy + Ay By Cy # Aj B‘,J Lj

Therefore Rz = R (17)

T
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1f combination 6 occurs instead of any of combinations 1, 3, 4 ,

and 5 then the comparator must be resat to its initial state,

Combination 6 is written as:
The comparator must detect C > P + A+ during rate of

change monitoring. C is the current value of the measurand ob-

tained from the A/D converter, P is the previous value of the
measurand stored in the previous value register end L is the
maximum allowable change of the measurand in the time interval

A

Settinz C = A
P=23B
N=c¢

We have all the needed functions for comparison in equations

Pl

14 through 18, (ertainly no alarm (equation 14):
N=2CFrA + CPA 4+ CEA +Cp A (19)

This function can be implemented by a 3 input majority gate

and applyine T instead of C.

The inverted output of this majority gate equals function Az

(equations 16 and 17)
Ay = C F A? (equation 15) can be implemented by & 3 input

NOR gate gncd applying again C instead of C.
Ay = (T + F44) = ¢ Pa*

R=cCpa (equation 17) can be implemented by a 3 input A R D

gate and applying C instead of C.

Fig. 1 shows the block cdiagram of a comparator meeting the

S e—
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Anpendix A fape = 10
As long as FF2 is not reset no signal can reach R1 because of
the "1" applied to one of the inputs of NOR,. o combination of
C, P, and A" can now influence the state of R;. After the least
significant bits of C, P, and OY have been applied to the compara-
tor, it is reset and ready for the next comparison cycle.
When an Al condition occurs then the output of hfis woH and
the output of NOR1 is "I®, The next clock nulse sets'r"r"1 to "1,
Two inputs of NORz are now at “C", If ¥ is aleo "O¥(if condition

A, exists) then the output of NOKQ‘is "1 and sets R, to "I" which

1
indicates an alarm condition. Once Ry 1s set it can only be reset
by a command derived from other circuits of the adapter,.

Any condition other than A, and R following Al will not ine

2
fluence the state of the comparator and when eventually followed
by AZ Qill produce an alarm, However, if R occurs insteacd of A2
then AND gate Al will be ®*I" and the next clock pulse will clear
FF1., The comparator is then again in its initial state and will
produce an alarm signal depending on the remaining bits of C, r,
and ZS*.

Every 10 bits - after one comparison - the comparztor is
reset, If condition A] occurs during tnhne last bit no alarm signal
is pfoduced inarite of the fact that the limit is exceeded by 1.

The comparator can only produce an alarm gignal if both con-
ditiohs Al and A2 have occured, In the case of the last bits

corresponding to condition A, this is not possible. Therefore, an

1
. . h |
alarm is only produced if the limit has been exceeded by at least

2 (equation 10),

P G



WP

Appendix A £32€ -

o
)

It remaine to be shown that a regative rate of chanie,uonner
limit UL end lower limit LL can also be monitored by the same
clrcuit,

Negative rate of change is exceeded if

C<P - & or .
C+ A < F

Before we had P +A'< C. Comparing these 2 unequalities we
recognize that F and C changed places, Therefore, all that is
reguired for negative rate of chaﬁgé monitoring is applying P
inetead of P and C instead of { to the comparetor. A circuit
which alternately complements F and C before they are applied to
the comparator will suffice.

Upper'limicwis exceeded if

c> UL
UL is stored in the same register as[&r end A; and appears on
the same line. Therefore, C > UL is detected by keepirs the F

input of the comparator at HC" during this comparison cycle,

lower limit is exceeded if

c < L L
Or ¢ > L L
This function is obtained by applying C instead of C to the

comparator, keeping irs ¥ input at "O" and storins the complement

of the lower limit, L L in the limit register.
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jecsuse of ecuation 1) snd resetting of the cowperator every

alarm is only produced if the limits ere exceeded DY

+ - .
Ny, N, -,

ten bits &n

7 units. This can be corrected by storing

and LL - ! in the adapter.




into SR 4 and SR 5.
the adaptor.

FF 3 remain reset.

APPENDIX B

4

TIME TABLE 1 SILENT MODE

During the preceeding 10 bits and address word was shifted

This address does not activate the output of

During the following 40 bits RG 1, RG 3, RG 4, and

The outputs of A 6, A 7, A 12, A 13, A 14,

A 16, A 17, OR 12, and the inverted output of OR 4 remain at "O"

and the outputs of OR 1, OR 5, and OR 10 remain at "1,

BIT
1

1...190

Signal address received (module not addressed).
Outputs 1 and 9 of SR 4 and outputs of A 11

and OR 9 are "1", FF 5 and RG 2 are set, FF 1
and RG 5 are reset, Output of A 10 and the
inverted output of A 5 are "0%. The inverted
outputs of OR 7 and OR 8 are not both "1

and, therefore, A 9 is "O", A "1" is placed
into SR 3. A/D converter is reset and started

with the moat significant bit first.

Output O of SR &4 goes to "1", settine FF 4
which in turn resets both SR 4 and SR 5 im-

mediately, Output of A 11 goes to O,
FF 4 is reset.

10 "O's" are shifted into SR 4 and SR 5.
Current vélue is compared to previous value
plus A" . Current value from A/D converter

is inverted by OE 1 (second input is "1%") and




11

11,..29
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fed to the comparator gates M, A 2 and OR 3.
Previous value from SR 2 and At from the in-
verted output of A 15 are also fed to these
gates. Previous value is inverted by A 1
(second input is "1" from OR 1) and recircu-
lated. The complement of A i shiftedvout
of SR 1, inverted by A 15 and recirculated

after a second inversion by A 4,

Outputs of SR 3 and OR 9 are "1" resetting
FF 1, RG 2, and RG 5. Inverted output of A 5
is "1%, A/D converter is reset and started

with the most significadt bit first.

Alarm address'is shifted into SR 4 and SR 5.
Current value is compared to upper limit,
Current value from A/D converter is inverted
by OF 1 (second inpﬁf is "1%") and fed to the
comparator gates M, A 2 and OR 3. Upper limit
from the lnverted output of A 15 is also fed to
these gates, Theé output of SR 2 is "0" during
thig period. Because the inverted output of

A 51s "1", OR 2 is also "1" causing the in-
verted output of A 1 to stay at "O% thereby
placing 10 Y0*s" into SR 2. Upper limit is

recirculated the same way as [k* .




21

22

23

21...30

Alarm address received (module not addressed).
Output 1 of SR 4 and outputs of A 10 and OR 9
are "1", FF 1, FF 5, and RG 5 are reset., RG 2
is set., Inverted output of A 5 is "0®, The
inverted outputs of OR 7 and OR 8 are not both
1" and, therefore, A 9 is "O", A "1" is
placed into SR 3. The A/D converter is reset
and started with the most significant bit

first,

Output 0 of SR 4 goes to "1", setting FF 4
which in turn resets both S8R 4 and SR 5 immed-

iately., Output of A 10 goes to "O".
FF &4 is reset.,

10 "0's" are shifted into SR 4 and SR 3.
Current value is compared to previous value
minus [X’ . Current value from A/D converter
passes OE 1 unchanged (second input of OE 1
from FF 5 is "0") and is fed to comparator
gates M, A 2 and OR 3. The complement of the
previous value from SR 2 and A" from the in-
verted output of A 15 are also fed to these
gates. Complement of previous value is in-

verted by A 1 (second input is "1" from OR 1)

e ———y—

idd . 15 e
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3]....40

40

and recirculated. The complement of /A~
is shifted out of SR 1, inverted by A 15 and

recirculated after a second inversion by A 4,

Outputs of SR 3 and OR 9 are "1" resetting
FF 1, RG 2, and RG 5. Inverted output of A 5
is "1", A/D converter is reset and started

with the most significant bit first,

Signal address is shifted into SR 4 and SR 5,
Current value is compared to lower limit.
Current value from A/D converter passes OE 1
unchanged (second input of OE 1 from FF 5 is
"O") and is fed to comparator gates M, A 2,
and OR 3. The complement of the lower limit
from the inverted output of A 15 is also fed
to these gates. The output of SR 2 is “O"
during this period. Because the inverted
output of A 5 is "1" OR 2 is also "1" causing
the inverted output of A 1 to stay at "O"
thereby placing 10 "0's" into SR 2. The
complement of the lower limit is recirculated

the same way as L .

One comparison cycle is completed,
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After every 100,000th clock pulse (or once a second) the
contents of the previous value register SR 2 are replaced by the
current value put out by the A/D coﬁ;erter upon receiving a
command signal.

BIT
100,001;200,001:..., Time base synchronization signal recelved
100,000 j + 1 (module addressed or not addressed). Outputs
| 1, 9, and 10 of SR 4 are "1", Output of A 13
is "1", RG 4 is set., Inverted output of

A S is lll".

100,001,..100,010  Current value from A/D converter is inverted
200,001,..100,010 and shifted into SR 2., The inverted output of
100,000 3§ + ... A 5 stays "1" during this period, blocking re-
100,000 j + 10 circulation of previous value stored in SR 2
through OR 2 (inverted output of A 5 is "1")
CR 1 allows current value to pass (its second
input is "0"), A 1 inverts the current value
before it is shifted into SR 2. All other
events are the same as during the silent - or

if the module has been addressed - active mode.,

100,011;200,011;... Output of Sr 3 is "1¥ resetting RG 4. Cutput

100,000 j + 11:,.., of OR 1 is "1" preventing the output of the
A/D converter from entering SR 2. All other
events are the same as during silent or

active mode,




TIME TABLE 2 ACTIVE MODE

During the preceding 10 biﬁs the module'’s own signal address
was shifted into SR 4 and SR 5. During the following 10 bits RG 1
RG 4, and FF 3 re&ain reset, RG 2 and FF 5 remain set. The out-
puts of A 7, A 10, A 12, A 13, and A 14, and the inverted outputs
of A 5 and OR 4 remain at "O", The outputs of OR 1, OR 5, and

OR 10 remain at ™1%,

BIT

40k + 1 ‘Signal address received (module addressed)
outputs 1 and 9 of SR 4 and outputs of A 11
and OR 9 are "1", FF 5 and RG 2%are sget, FF 1
and RG 5 are reset, Output of A 10 and the
inverted output of A 5 are "O%, A “l¥ {g
placed into SR 3. The inverted outputs of
both, OR 7 and OR 8, the outputs of A9, A 16
and A 17 are "1"., RG 1 is reset (if it was
set before), RG 3 is set. A 6 is enabled,
A/D converter is reset and started with the

most significant bit first,

40k + 2 Output O of SK 4 goes to "1", getting FF 4
which in turn resets both SR 4 and SR 5 imme-
diately, Outputs of A 11, A 16 and A 17 go

to "Qw,

40k + 3 FF 4 1s reset.




BIT
40k + 1,,.40k + 10 Current value is shifted out on the signal

line through A 6 and OR 12, All other events

are the same as during silent mode,

40k + 11 Output of SR 3 is "1 RG 3 is reset, A 6 is
disabled. Active mode is completed, All
other events are the same as during silent

mode,




TIME TABLE 3 ALARM MODE

One of the limits was exceeded (an alarm had occured) and
a "1" was placed into RG 1. This event may occur at any time
during a comparison cycle except during bits 1, 11, 21, and 31
when FF 1 and RG 5 are being reset, If the number of channels of
the system is m, it might take up to 40 m bits before the module
receives its own alarm address, It is assumed that the module
does not receive its own signal address until after having re-
ceived its own alarm address. Consequently, RG 3 and FF 3 stay

reset, A 16 and A 17 remain at "O" and A 6 is disabled.

BIT
40(n-1) + 21... A limit was exceeded and RG 1 is set to "1¥,
40(ntm) + 20

40(n+m) + 21 Alarm address received (module addressed).

Output 1 of SR &4 is "1", outputs 9 and 10

are "0", Outputs of A 10 and OR 9 are "1",
FF 13 FF 5, and RG’S are reset, RG 2 is set,
The inverted output of A 5 is "0", The in-
verted outputs of OR 7 and OR 8 and the oute
put of A 9 are "1", The outputs of A 7 and
OR 12 are "I", an alarm signal appears on the
signal line, A "1" is placed into SR 3. The
A/D converter is reset and started with the

most significant bit first,




BIT
40(n+m) + 22

40(n+¢m) + 23

Moo

Page 2.9

Output O of SR 4 goes to "1" setting FF 4
which in turn resets both SR 4 and SR 5 imme-
diately. Outputs of A 7, A 10 and OR 12 go

to "Ow,

FF 4 is reset.

An alarm signal will be produced after every

40mth bit until the module has received its

own signal address which then resets RG 1,

— e
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TIME TABLE 4 LIMIT LOADING

Limit loading takes place during the 40 bits following the

module's dwn alarm address (bit 10 must be a "1%), While the

1limits are replaced step by step; the module continues to function

undisturbed,

BIT
40p + 21

40p + 22

40p + 23

40p + 21...

1t ¢an be in any of the three other modes,

Alarm address received (module addressed).
Outputs 1 and 10 of SR 4 and outputs of A 10,
A 12, and OR 9 are "1", The inverted out-
puts of OR‘7 and OR 8 and the output of A 9
are "1", The output of A 14 is "I" setting
FF 3. ©OR 6 ig "1",

Output 0 of SR &4 goes to “1", setting FF 4
which in turn resets both SR 4 and SR 5 imme-
diately, Outputs of A 10, A 12 and A 14

go to "O%,
FF 4 is reset,

Recirculation of the contents of SR 1 is
interrupted and the new limits are shifted
through OR 5 (second input from FF 3 is "O%),
inverted by A 4 and entered into SR 1. The
sequence of the limits being entered is N
¢ohp1ement of lower limit Ilacgupper limit UL,




Page B,11
B1T
40 (p+1) + 21 Alarm address received (module addressed or

not addressed). Output 1 of SR 4 and out-
puts of A 10 and OR 9 are "1", FF 5 is reset
therby resettiné FF 3., Output of OR 5 is "1®
blocking further signals from the limit line.
Contents of SR 1 are recirculated through

OR 6. Limit loading is completed. All other
events are the same as during silent - or if

the module has been addressed - active mode,




F16.81 3LENT MODE Page B,12 ]

IO y.Y 30 4D

"“;!4_. ’x N I7e}

; i

© Address line F[UuV mﬂﬂ. T

! -Jiarg; adde. U U"' -Z2ReFO% atarm nddz - Zeros —ﬂj‘:l-‘ | g‘é S zE ms—-
- Signal o -

: ¢y 3mvﬂ |

b ﬂﬂMU‘“'v | ¢ |
Sk"qgk}!pL‘tiT..' . DR Y LY o s U

I e S RPN S SR

.

S AT
R T B T

P e e p

UL N lfU'”

e p e 5

L UuUL_ _nn .
B 1 ¥ N I O I VI
R E [ It e T
B T Tt

l,.___“

L.
L

::—‘{L—::

e
=



Addcecs ~iine
Adaress: 1G0MIND
3
&y

AL —uipot

SRa wutput

Sk.§ guput

2

(9% 3

3

B W/ P WYL IS5 T 9 s

U

* sigrai address
hannn

w

TRHIEEE

AN
taial HODDOHIN

I
e e
TR T

Page 5,13

R



s
i
i

ol
¢,

. A0
FF4

0.1

Address hne

ws

FIG.B3 ALARM

w;
9 'i 13

v_.,‘;nr\'}‘. -wx‘.’;u( —— 2larm

T
e

—

U1

- C

U

'—~>A

JUd HH ’“UL "U
7‘ U..

B e

JTI
LPLJ

n

|
g2 23
. r.nnn nnr . .

A

MODE

K'Y
bi T

Adrete .me. tarMt aUtput . e - Ligrea add’ P A

1
B oW

Page 3.14 . |

-

RS P Lﬂ_f L

_—

U

U




S

FIGEY LIMIT LOADING MODE , Fage B.lS

0 - 40 ® 2
\9:2\23, ZQS'ZB % 03 9 » B v 2 23

Address ling ‘U“-"lrm NWW Ww nmw J

it looding ——w=_-- yeros - Signat Address e -~ ZprGs - e aiarm address eeac— @05 —
nddf:ss

. UUUUM

o M-

v [ e

e I . R

A1C T —MAU- :
bt U I | I

FFSJ* e N N
Limit tine ll.; UL __! Lr ULF 1_]

—"-‘A’ L UL

__._.nr'-“uL_,,.._r‘U“'Lﬂ__r“ I
o L

|

r
o




Module
Rumber

Lot QD O 02} ~ (o)) w & ("] N o O

™~
(34

[ p—

DIGITAL ADAPTER FOR TRANSDUCERS

PARTS LIST

Appendix E

According to Location on Schematic Diagram

Function on Logic Diagram

Al, A5,0R1,O0R2
OET,M

A4,A)5,0R5,0R6,0"10,0R!]]

FF3

SR2

A2

SR1/1

FFS
OR3,0R%
12,13
SR1/2
Alé
A16,RG1
FF1

RG2
A10,A11,A12,A13
A7
A3,AS,RGS
RG4

OR7

OR8

A6

rart
Number

pL 4N
MEM1 0090
pL4GO]
MEM1005

- MEM302]

pL4&GO2
MEM3021
MEM1005
MEM1002
pL4GO1
MEM3021
pL4Go]
pLAGO]
MEM1005
pL4GOl
pL4GN2
pL4GN
pL4GO1
pL4GO1
pL4GO1
pL4GO]
pL4GO1

Manufacturer

Philco
general Instr.
Philco ¢
General Instr.
General Instr.
Philco
General Instr.
General Instr.
General Instr.
Philco
General Instr,
Philco

Philco
Jenersl Instr,
Fhilco

Philco

Philco

Philco

Philco

Philco

Philco

Philco !




Module

vumber Function on Logic Diagramn
23 A17,RG3

24 ORS%

25 SRé

26 3RS

27 AR1 ,ARZ2,AR3
28 SR3

29 FF4

30 I

3 OR12

32 A/D Converter

Mo P . -

Part

Number

pL4301
pL4GOl
MEM3012SF
Mit39125k
MEM4000
MEM30123P
MEM1005
pL4G01
2xIN916

ADC-10,,

rage E,2
Appendix E

NanufactureE

Fhilco

Philco
General Instr.
General Instr,
General Instr,
General Instr,
General Instr,
Philco

Texas Instr,

Fastoriza,Inc,
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DIGITAL ADAFTOR FOR TRANSDUCERS

PARTS LIST

According to Function

Location On

Designation hematic Diepram
A/D converter 31
Al 1
A2 6
A3 18
A4 3
AS 1
A6 22
A7 ; 17
A8 18
A9

Al0 16
All 16
Al2 16
Al3 16
Al4 12
Al5 3
AlbS 13
Al7 23
M 2
CE1 2

o1 ]

Part
Number

ADC-—].Oic
pL4GO]
pL4GO02
pL4GO1
pL4G0O1
pL4GO1
pL4GOY
pL4GO]
pL4GO]

connection

pL4GI2
pL4Go1
pL4GOl
pL4GOI
pl4G0)
MEM1009
MENMI 000

»L4GO]

MemaPses

. Appendix E

ganufactggeg

Page E.3

Pastoriza, Inc.

Philco
Philco
Philco
Philco
Philco
Philco
Philco
Philco

Fhilco
Fhilco
rhilco
Fhilco
Fhilco
Philco
Philco

Fhilco

General Instr.

General Instr,

rhilco




Designation
OR2
OR3
OR4
OR5
OR6
OR7
ORS
OR9
OR10
OR11
OR12

SR1 (SR1=1&SR1-2) 7 & 11

SR2
SR3
SR4

Location Oh
Sch t D

x

13
15
23
19
18

am

Part
Number

pLGGO1
MEM1 002
MEM1002
pL4GO1
pL4GO1
pL4GO1
pL4GO1
pL4GO1
pL4GO]
pL4GOl
2xIN916
2xMEM3021
MEM3021
MEM3012sp
MEM3012sP
MEM3012SP
MEM1005
MEM1005
MEM1005
MEM1305
pL4GO]
pL4aGn)
pL4GO01
pL4GO1
pL4GOL

MemPrses e

Fage L.4

Appendix E

Manugactuger

Philco
General
General
Philco
Philco
Philco
Philco
Philco
Philce
Philco

Instr.

Instr,

‘Texas Instr,

Generel
General
General
General
General
General
General
General
General
Philco
Philco
Philco
Fhilco

Fhilco

Instr,
Instr,
Instr,
Instr.
Instr,
Instr.
Instr,
Instr,

Instr,




| R

Page E.5
. Appendix E
Location On bPart

Desiesnation Schematic Diagram Number Manufacturer
I 30 pL4GO1 Philco
12 10 pL4GO1 Philco
13 10 pL4GO1 Philco
AR1 27 MEM4O00 General Instr,
AR2 27 - MEM&4000 General Instr.
AR3 27 MEM4000 General Instr.
Q1 A 2N2222 Texas Instr.
Q2 282222 Texas Instr.
Q3 2N2907 Texas Instr.
Q4 2N2222 Texas Instr.,
Q5 2N2907 Texas Instr,
CR] 1K916 Texas Instr,
CR2 IN916 Texas Instr,
CR3 IN916 Texas Instr.
CR4& ' IN916 Texas Instr,
R} 1K +5% 1/3W Allen Bradley
R2 . 5.1K " "
R3 1K " "
R4 S.1K " "
RS 3.3k " "
R6 24K " "
R7 6.8K " "
RS 5.1K v "
R9 -IK b "




Designation

R1D
R11
R}2
R13

Location On
Schematic Diagram

Part

Number

1K+ 5%
36K
20r.
20K

MePsrs e

Page E,6

Appendix E

Manmaifacturer

1/8%. Allen 3radley

n L]
" L]

" "




DIGITAL ADAPTOR FOR TRANSDUCERS

PARTS LIST

TO MANUAL LIMIT ADJUSTMENT ROX

According To Function

Location on

Desisnation Schematic Diagram

FF1 through 10 1 through 10
(SR10)

FF1) 11

Al 12

OR1 12

OR2 12

I 12

SR40 13, 14

%]

R]

2

R2

c1

81 Lever action switch
S2 Torgle switch
S3 Push-button "tiny"switch
35 " | "

$6 through $15 " "

Part

Number

MEM1005

MEM1095
pL4GO1
pL4GO1
pL4GN)
pL4GO1
2xMEM3021
282222

47457 1/8

W carb.comp,

10K+5% 1/3
4 carb.comp,

1H:5% 1/8
W ecarb, comn,

. 1MF+20%35V
6N2412
20994LH

953

MemPsrs . -

[}
Arpendix F

Fage F,

Manufacturer

General Instr.

General Instr,
Fhilco
Philco
Philco
Fhilco
General Instr,

Texas Instr.

Allen 2radler

Allen Eradley

Allen Bracdley
vallory
Mallory
Arrow-Hart
Switchceraft

1]

)




Module
Number

1
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DIGITAL ADAPTER FOR TRANSDUCERS

PARTS LIST TO MANUAL LIMIT ADJUSTMENT BOX

According to Location on Schematic Diazram

Function in

Logic Diagram
SR10 (FF1)

"

”"

FF11

(FF2)
(FF3)
(FF4)
(FF5)
(FF6)
(FF7)
(FF8)
(FF9)
(FF10)

Al1,0R1,0R2,1

SR40
SR40

Number

Part

MEM1005

"
4]
U]
"
"
0
"
L]
"

1]

pL4G0O1
MEM3021
MEM3021

"

Fhilco

I'a
Appendix F

L]

Manufacturer

General Instr,

General Instr,

General Instre.

ce F o2




Fage 3,
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Appendix §
DIGITAL ADAPTOR FOR TH{ANSDUCERS
PARTS LIST TO CONTROL UNIT

Designation Part Number ranufacturer

SC1 pL4CO1 fhilco
pL4G0?2 "

SC?2 pL4conl w
pL&GO2 _ ' "

SC3 pL4acol "
pL4CO] " ¢
pL4CO1 "

A2 pL430] "

A3 1" 1

Az‘_ 1] 1]

AS 1] i 1]

A6 " L

A7 " (1]

A ’) " 1

."\9 " "

AN " "

‘\1 ] 1 1] 11]

A12 " ) "

Al173 " "

&14 connect ion

415 »L4G0O1 "

AlS nL4GO] "

OR1 pL4GO] "




Decionotion

o2
CR] throw:-b

1

1}
W

R1

1%

~J
L

Tart louamber

nl.4aMm

pL4cdY (with 1)

212222
212907

I~
~J
14
(e}
o+

/70

]QK 1] 11

}:' " LA
2K " "
330 " |
51 " t

HRDPAIES i

Apyrendix s

comwn,

EH"’G i.‘. &

Malhafacturer

N

ihilc

Phile

General
Ceneral
SJeneral
Zeneral

ceneralr Insti,

rhile

T e .
L E€3Xas

exXa

et
“

-3

ovas

Al 1 €1

3

O

N

Instr.

Instr,

Instr.
Instr,
Inetr.
Invtr,
Insty,
v '

nelr,

bradley




Desipnation
Cci

4

31 tnrough B]O

Sh
S2through S7

s8

Appendix G

Part Number Manufacturer
63 ure 20% 35v Mallory

10 + 5% 1/4 w carbor potentiom. Mallory

10V35-45 nA inc. lamp CGOD7414 Sylvania

: (10zs)
push-tutten"tiny switch'" 953 Switcheraft
togzle switch 20994-Cs Arrow liart

rotary switch 1211L Mallory

A
Y
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_ L L .- o Appendix
1.0 SPECIFICATIONS
Input Impedance." }“,‘ . 2.4K
Input Voltage ‘ “ .+ 0 to =10 volts .
Conversion COmmand Input : +2 volts 0.2 uSec Rise Time
A’COnversion Gain i _ l-bit = 10 mv.
Total Conversion Tlme,' ~ - 10 usec.
Resolution =~ .- . "l10-bits
, Output Format SRR . 10 Parallel Vblteae Levels .
e ‘ : ‘ . 1'serial Output @ 1 mHz Rate.
oo Output Logic Levels . False or "0" = 0 to +.2 volts
2 _ Lo - True or "l1" = 2 volts.
Output Impedance . . 470 ohms
- Output Current + 2 mas.
Status Qutput (EOC) - .- © "1" or True Level when

conversion is complete.

;:Power Supply Requirements ~ + 15 volts at 20 mas.
: PR S +4.5 volts at 300 mas.

Linearity . . % . ' .05% or 1/2 bit
Warm up -Drift - . R 10 mv.

. Variatxon w1th S P .
' Supply Voltage - "~ . " 'k volt in +15 causes 10 mv.error
o R 'l volt in =15 causes 10 mv.error
-~ 1 volt in +4.5 causes 2 mv.error

. Qutput Code = : S
B ' SB

e usi
- Unipolar ~ = 0,000 =0000000O0O0 O
- . =9,990 =1111111111
.. .Bipolar . 45,000 =0 000000000
Lo ...t 0,000 =L0000000O0O
| R -4.990 =1111111111

.‘1,.‘4.,&?:., I T Cpia ma e . ) ENT - R T
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